Purpose. To assess the treatment outcome of revision hip arthroplasty for Vancouver type B3 periprosthetic femoral fractures using a modular distally cemented stem. Methods. 22 men and 14 women (37 hips) aged 66 to 79 (mean, 70) years underwent revision hip arthroplasty for Vancouver type B3 periprosthetic femoral fractures. The indication for surgery was periprosthetic fracture with stem loosening and loss of proximal bone stock. The patients were referred from other hospitals after previous surgeries had failed: 8 with 3 previous surgeries, 19 with 2, and 9 with one. Using a transtrochanteric approach, the existing prosthesis was removed and a modular proximal femoral replacement stem was inserted, bypassing the area of proximal femoral fracture and bone loss. The stem was distally cemented. Patients were immobilised within 48 hours of surgery. Results. Patients were followed up for a mean of 14 (range, 8-18) years. The mean Harris hip score improved from 29 (range, 5-40) to 78 (range, 56-88); 24 patients attained excellent or good scores (>80), 10 attained fair, and 2 attained poor scores. The mean healing time was 7 (range, 6-14) months; there was no non-union. Improvement in proximal bone stock was noted on serial radiographs. None of the stems had cement fracture or migration, requiring revision. Two (5%) of the patients had dislocations. Conclusion. Vancouver type B3 periprosthetic femoral fractures can be successfully treated with a distally cemented modular proximal femoral replacement prosthesis.
INTRODUCTION
The risk of periprosthetic femoral fracture is estimated to be 1.5 to 4%. [1] [2] [3] Its incidence has increased and can be attributed to the increasing numbers of elderly patients undergoing primary and revision hip arthroplasties. 4 Comminution and bone loss are common associations and pose fixation challenges. Treatment options include revision arthroplasty using cementless or cemented stems, cortical strut grafting, allograftprosthetic composite, custom-made or off-the-shelf segmental replacement prostheses. [5] [6] [7] [8] [9] [10] [11] In some cases, revision hip arthroplasty is especially difficult when the proximal femur is grossly comminuted or even absent. 12, 13 We present our experience in the management of Vancouver type B3 periprosthetic femoral fractures 14 by means of a distally cemented modular proximal femoral replacement stem.
MATERIALS AND METHODS
Between July 1985 and June 1996 inclusive, 22 men and 14 women (37 hips) aged 66 to 79 (mean, 70) years underwent revision hip arthroplasty for Vancouver type B3 periprosthetic femoral fractures with a distally cemented proximal femoral stem by a single surgeon. The patients were referred from other hospitals after previous surgeries had failed: 8 with 3 previous surgeries, 19 with 2, and 9 with one. The indications for primary hip arthroplasty were osteoarthritis (n=28), traumatic avascular necrosis (n=5), rheumatoid arthritis (n=2), developmental dysplasia of the hip (n=1), and Perthes disease (n=1). The original prostheses were McKee (n=4) and Charnley monoblock (n=33). The indications for proximal femoral stem replacement were periprosthetic fracture and proximal femoral bone loss.
A distally cemented modular proximal femoral replacement stem was used. It was based on the 40-mm offset Charnley stem (Ortron; DePuy, Leeds, UK). The polished stem has continuous double taper (medial to lateral, anteroposterior) in various lengths (200-250 mm). Each allows 100 to 150 mm for proximal femoral deficiency with a minimum of 100 mm of distal fixation with acrylic cement.
All operations were carried out in a Charnley-Howorth clean air enclosure with total body exhaust suits. All patients were operated on in a supine position using the transtrochanteric approach. The loose femoral component, along with the cement, was removed. As much of the proximal bone and soft tissue attachments were preserved as possible. No attempt was made to rigidly stabilise the fracture using any form of supplementary fixation. No form of bone grafting, strut or impaction, was performed. The acetabular component was exposed and examined; if loose or malpositioned (n=8), it was revised to another cemented component. The intact distal femoral canal was then prepared and a trial reduction undertaken. The hip was checked for soft tissue tension, stability, leg length, and reattachment of the greater trochanter.
It is important to achieve adequate soft tissue tension so as to provide stability and prevent dislocation. We, therefore, accepted an increased leg length if the hip appeared stable. No patient had a leg length discrepancy of >2 cm.
Antibiotic-containing acrylic cement (Palacos; Biomet Merck, Swindon, UK) was used for cementation of the femoral component by either a 2thumb method, if accessible, or a retrograde method using a cement gun. Because of the long distal femoral segment, a drain was used to vent the medullary canal proximally and the cement was inserted earlier than at primary surgery. The minimum length of distal cement fixation was 10 (mean, 11.7) cm.
Postoperatively, patients were allowed to mobilise and bear weight as tolerated with a walking frame. Some activities were avoided, including hip flexion to ≤90º, use of abduction wedge, leg crossing, sitting on a high chair or elevated toilet seat.
Patients were followed up at 6 weeks, 3 months, and then yearly. Functional assessment was performed using the Harris hip score. 15 Radiographs were taken at each follow-up and analysed for radiolucent lines at the bone-cement interface, bony union, and improvement in proximal bone stock. A fracture was considered united if there was bridging of at least 3 of the 4 cortices. The femoral components were considered loose if there were progressive radiolucencies of ≥2 mm wide involving (1) >50% of the bone-cement interface, (2) cement column fractures surrounding the prosthesis, or (3) femoral component migration.
RESULTS
Patients were followed up for a mean of 14 (range, 8-18) years. No patients were lost to follow-up; 2 died of unrelated causes before the minimum 8-year followup. The mean Harris hip score improved from 29 (range, 5-40) to 78 (range, 56-88); 24 patients attained excellent or good scores (>80), 10 attained fair, and 2 attained poor scores. The mean healing time was 7 (range, 6-14) months; there were no non-unions. Improvement in proximal bone stock was seen on serial radiographs (Fig) . Non-progressive radiolucent lines of <2 mm were seen around Gruen zones 16 1, 2, and 3 in 10 patients and zones 4 and 5 in 5 patients. No stems revealed cement fractures or migration.
Complications included chest infection (n=1), postoperative confusion (n=1), atrial fibrillation (n=1), deep vein thrombosis (n=3), non-fatal pulmonary embolism (n=1), wound haematoma (n=3), and superficial wound infection (n=2). There was no intra-operative stem perforation. Two (5%) patients had dislocation: one at 8 years caused by a worn-out and loose socket; the other occurred 2 years postoperatively and the hip had become chronically unstable despite repeated closed reductions. The patient's age and medical condition precluded further surgery. He is able to manage the condition using a brace and has remained pain free.
DISCUSSION
Severe proximal femoral bone loss associated with a periprosthetic fracture and a loose femoral stem is a challenging problem in reconstructive hip surgery. 17 The management goal is to regain hip function, maintain a stable prosthesis, fracture union, and good long-term survivorship of the prosthesis. 2, 18 A single-stage procedure is preferable. The choice of the technique and the revision femoral prosthesis is based on the surgeon's preference. Because of our extensive experience of cementation in both primary and revision hip arthroplasties, 19, 20 we achieved good results using cemented long stems. However, in younger and more active patients, we tended to combine cemented long stem revision with impaction bone grafting. 21 For cementless fixation, both extensively and proximally porous-coated stems have been used. The results of proximally porous-coated stems in the management of periprosthetic fractures with proximal bone loss have been disappointing, 22, 23 due to the unfavourable environment for bone ingrowth in the deficient and sclerotic proximal femur. The extensively porous-coated femoral stem has shown good long-term results. 24, 25 Although cemented distal fixation is not a biological form of reconstruction, an improvement in proximal femoral bone on serial radiographs was noticed, despite the limitation of plain radiographs for qualitative and quantitative assessment of bone formation.
The proximal femoral replacement prosthesis avoids the potential morbidity associated with the longer and more complex reconstruction procedures. The revision component must be of optimum material and designed to allow for physical weight bearing. It bypasses the deficient proximal femur and the long stem provides a larger cement fixation surface area. The insertion of a long-stem revision component is technically challenging and there is a potential for stress shielding of an already compromised proximal femur. 26, 27 Our results are better than those reported in other studies, which show non-union rates of 15 to 33%, 28, 29 and dislocation rates higher than 5%. 30 Although satisfactory results were achieved with a distally cemented modular stem, it is suggested that a good primary procedure, regular follow-up, and early intervention for progressive radiographic changes may avoid the need for revision surgeries. 
